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r— © Conductive paste compound for via hole filling, printed circuit board which uses the conductive 
^ paste, and method of manufacturing the same. 
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© A conductive paste compound for via hole filling includes a conductive filler at 80 to 92 weight percent with 
an average particle size of from 0.5 to 20um and specific surface of from 0.1 to 1.5 m 2 /g, a liquid epoxy resin at 
4.5 to 20 weight percent containing 2 or more epoxy groups with room temperature viscosity of 15 Pa«sec or 
less, and a hardener at 0.5 to 5 weight percent, wherein the viscosity is 2,000 Pa -sec or less and the volatile 
amount is 2.0 weight percent or less. A filling paste and a printed circuit board with use thereof are provided 
® which can conduct an inner-via-hole connection between electrode layers without using a through-hole plating 
Q_ technique. 

UJ The conductive paste comprises a metallic particle 103 such as copper, an epoxy resin, a hardener, and if 

necessary, a dispersant. The paste having low viscosity and low volatility under high shear is used to fill holes 
disposed in a laminated substrate 101. Then, this substrate is heated and pressurized together with copper foil 
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102 on both sides to attain a printed circuit board where both sides are electrically inner-via-hole connected. 

103 102 



101 



FIG.1 
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This invention relates to a conductive paste compound used for filling via holes and further relates to a 
double sided printed circuit board and a multilayer printed circuit board which uses the conductive paste. 

Recently, following the tendency of electronic devices towards high performance and compact size, a 
circuit board is required to have a high degree of lamination and high density. As a method of connecting 
5 layers wilhin a substrate which can bond integrated circuits (IC) and components at the shortest distance, it 
is well-known that higher density can be attained through an inner-via-hole connection. In the case of a 
through-hole connection employed for a typical glass epoxy multilayer substrate, the connection is achieved 
by plating through-holes so that it was difficult to connect only the necessary layers. In addition, since the 
substrate comprises a top layer having an electrode land, this part can not be used to construct an 
10 electrode land of a surface mounting part. Therefore, due to these restrictions, the mounting density can not 
be easily enhanced. 

In order to solve these problems, methods other than using through-holes are employed, for example, a 
method of reducing through-holes by disposing holes halfway in a substrate, or a method of improving 
mounting density by filling conductive paste in through-holes and by further closing up holes disposed in 

is the top layer of a substrate at a plating step. However, due to the complicated manufacturing processes, the 
above-mentioned methods have cost and quantity production problems. On the other hand, simply the 
necessary layers can be connected in the inner-via-hole connection, and since there is no through-holes in 
the top layer of the substrate, the mounting property is also excellent. 

When this connecting method is applied to a resin substrate, e.g. to a glass epoxy substrate, a double 

20 sided substrate establishes continuity by filling up through-holes with low-viscous solvent-type silver paste 
by means of a printing method and then dried and hardened. However, the specific resistance value of this 
connection is as high as about 10~ 3 n • cm, and the reliability in heat and shock resistance such as in the 
heat cycle is poor. 

In order to reduce the viscosity of conductive paste, conventional methods employed were to use large 
25 particles for reducing the amount of conductive filler or specific surface area, or to add a solvent with a low 
boiling point or a reactant type diluent. 

However, when an additive amount of conductive filler was reduced, or when large particles were used, 
the problem occurred that contact points between fillers decreased and the resistance value of a via-hole- 
connection became so high that reliability could not be maintained in a test where thermal stress occurs, 
30 e.g., in the heat cycle test. 

With use of the method in which a solvent with a low boiling point or a reactant type diluent was added, 
these components volatilized and decreased enormously in weight while being hardened through heat- 
pressing. Due to these volatile components, the base material either swelled or lost peel strength to the 
copper foils of the wiring. 

35 Furthermore, when a dispersant was not added, it was a problem that particle forms were limited to 

reduce viscosity, and that a printed filling of via holes was difficult even with use of those which are rather 

low in viscosity since the viscosity raised under high shear during the printing process. 

An object of this invention is to solve the above-noted problems by providing a conductive paste 

compound having low viscosity and low volatility which can achieve an electrical connection and heat and 
40 shock resistance between electrode layers through an inner-via-hole connection. Another object of this 

invention is to provide a double sided printed circuit board up to a multilayer printed circuit board including 

inner-via-hole connections using this paste. 

In order to accomplish these and other objects and advantages, a conductive paste compound used for 

filling via holes of this invention comprises (a) a conductive filler in an amount of 80 to 92 weight percent, 
45 having an average particle size of 0.5 to 20um and a specific surface area of 0.1 to 1.5 m 2 /g, (b) a liquid 

epoxy resin in an amount of 4.5 to 20 weight percent, containing two or more epoxy groups and having a 

room temperature viscosity of 15 Pa* sec or less, and (c) a hardener in an amount of 0.5 to 5 weight 

percent, wherein the viscosity of the conductive paste compound is 2,000 Pa- sec or less and the amount of 

volatile components is 2.0 weight percent or less. 
5 0 it is preferable that the conductive paste compound used for filling via holes further comprises a 

dispersant at 0.01 to 1.5 weight percent against 100 weight parts of the components (a) to (c). 

Furthermore, it is preferable that the conductive filler comprises at least one fine grain selected from the 

group consisting of gold, silver, palladium, copper, nickel, tin, and lead. It is preferable that the fine grain 

has a diameter of from 0.5 to 20um. 
55 It is also preferable that the conductive filler comprises copper with a surface oxygen concentration of 

1 .0 weight percent or less. 

In addition, it is preferable that the epoxy resin comprises at least one-component liquid epoxy resin 
selected from the group consisting of bisphenol A epoxy resin, bisphenol F epoxy resin, alicyiic epoxy 

3 
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resin, amine epoxy resin, and glycidyl esterificated epoxy resin. 

It is preferable that the liquid epoxy resin comprises 10 weight percent or more of an epoxy resin 
composed of glycidyl esterificated dimer acids. 

Furthermore, it is preferable that the liquid epoxy resin is a compound comprising at least 50 weight 
percent or less of one epoxy resin selected from the group consisting of bisphenol A and bisphenol F and 
further comprising 50 weight percent or more of epoxy resin composed of glycidyl esterificated dimer acids 
with an epoxy equivalent of from 300 to 600 (g/eq). 

It is also preferable that the hardener is at least one hardener selected from the group consisting of 
amine hardeners such as dicyandiamide and carboxylic acid hydrazide, urea hardeners such as 3- (3 4- 

d. chlorophenyl)-1,1 -dimethyl urea, acid anhydride hardeners such as phthalic acid anhydride, methynadic 
anhydride, phromellitic acid anhydride, hexahydro phthalic acid anhydride, and aromatic amine (amine 
adduct) hardeners such as diamide diphenylmethane, diamide diphenylsulfonic acid. 

In addition, it is preferable that the hardener comprises a subclinical hardener. 

It is preferable that the dispersant comprises at least one dispersant selected from the group consisting 
of non.onic d.spersants, e.g., ethylene oxide of higher fatty acid, propylene oxide addition esther compound 
sorb.tan fatty acid ester compound, ethylene oxide of polyhydric alcohol such as sorbitan, propylene oxide 
add.t.on ether compound, ethylene oxide of alkylbenzene, propylene oxide additive, anionic dispersants 

e. g., alkylbenzene sulfonic acid alkali salt, higher alcohol sulfate alkali salt, phosphate compound higher 
fatty acid, ethylene oxide of higher fatty acid, propylene oxide additive such as sulfate alkali salt, and a 
fourth class ammonium salt type cationic dispersant. 

Next, a double sided printed circuit board of this invention comprises an insulating base material 
disposed with inner via holes which are filled with a conductive resin compound comprising a conductive 
filler in an amount of 80 to 92 weight percent and having an average particle size of 0.5 to 20um and a 
specific surface area of 0.1 to 1.5 m 2 /g. and further comprising epoxy resin with an epoxy ring-opening in 
an amount of 4.5 to 20 weight percent, wherein the upper and lower electrode layers on the surface of the 
insulating base material are electrically connected. 

It is preferable that the insulating base material comprises a composite material of an aramid fiber and 
a thermosetting resin. 

Furthermore, it is preferable that the insulating base material comprises a composite material of an 
30 aramid nonwoven fabric and an epoxy resin. 

Next, a multilayer printed circuit board of this invention comprises a plurality of insulating base material 
layers and two or more electrode layers, wherein each insulating base material is disposed with inner via 
holes filled with a conductive resin compound comprising a conductive filler in an amount of 80 to 92 weight 
percent and having an average particle size of 0.5 to 20 urn and a specific surface area of 0.1 to 1 5 m 2 /g 
35 and further comprising an epoxy resin having an epoxy ring-opening in an amount of 4.5 to 20 weight 
percent, wherein each electrode layer is electrically connected. 

It is preferable that the insulating base material comprises a composite material of an aramid fiber and 
a thermosetting resin. 

Furthermore, it is preferable that the insulating base material comprises a composite material of an 
40 aramid nonwoven fabric and an epoxy resin. 

A method of manufacturing a double sided printed circuit board of this invention comprises the steps of- 
disposing a prepreg used for manufacturing a printed circuit board with via holes in advance, filling the via 
holes with a conductive paste compound comprising (a) a conductive filler in an amount of 80 to 92 weight 
percent having an average particle size of 0.5 to 20um and a specific surface area of 0.1 to 1 5 m 2 /g (b) a 
liquid epoxy resin in an amount of 4.5 to 20 weight percent containing two or more epoxy groups and a 
room temperature viscosity of 15 Pa- sec or less, and (c) a hardener in an amount of 0.5 to 5 weight 
percent, wherein the conductive paste compound has a viscosity of 2,000 Pa- sec or less and the amount of 
volatile component is 2.0 weight percent or less, placing the prepreg between copper foils on the upper and 
lower layers and providing heat and pressurization, and forming circuits by etching the copper foils. 

It is preferable that the prepreg comprises a composite material of an aramid fiber and a thermosetting 



45 
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55 



resin. 



Furthermore, it is preferable that the prepreg comprises a sheet composed of an aramid nonwoven 
fabric impregnated with a thermosetting epoxy resin. 

A first method of manufacturing a multilayer printed circuit board of this invention comprises the steps 
of: disposing a prepreg used for manufacturing a printed circuit board with via holes in advance filling the 
via holes with a conductive paste compound comprising (a) a conductive filler in an amount of 80 to 92 
weight percent having an average particle size of 0.5 to 20um and a specific surface area of 0 1 to 1 5 
m 2 /g, (b) a liquid epoxy resin in an amount of 4.5 to 20 weight percent containing two or more epoxy 
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groups and having a room temperature viscosity of 15 Pa • sec or less, and (c) a hardener in an amount of 
0.5 to 5 weight percent, wherein the viscosity is 2,000 Pa- sec or less and the amount of volatile component 
is 2.0 weight percent or less, positioning the prepreg above and below a double sided printed circuit board, 
placing the prepregs between copper foils on the top layers, providing heal and pressurization, and etching 
5 the copper foils. 

It is preferable that the prepreg comprises a composite material of an aramid fiber and a thermosetting 
resin. 

Furthermore, it is preferable that the prepreg comprises a sheet composed of an aramid nonwoven 
fabric impregnated with a thermosetting epoxy resin. 

io A second method of manufacturing a multilayer printed circuit board of this invention comprises the 
steps of: disposing a prepreg used for manufacturing a printed circuit board with via holes in advance, filling 
the via holes with a conductive paste compound comprising (a) a conductive filler in an amount of 80 to 92 
weight percent having an average particle size of 0.5 to 20 urn and a specific surface area of 0.1 to 1.5 
m 2 /g, (b) a liquid epoxy resin in an amount of 4.5 to 20 weight percent and containing two or more epoxy 

75 groups and having a room temperature viscosity of 15 Pa -sec or less, and (c) a hardener in an amount of 
0.5 to 5 weight percent, wherein the conductive paste has a viscosity of 2,000 Pa- sec or less and an 
amount of volatile component is 2.0 weight percent or less, positioning the prepreg above and below a 
double sided printed circuit board, providing heat and pressurization, and forming circuits. 

It is preferable that the prepreg comprises a composite material of an aramid fiber and a thermosetting 

20 resin. 

Furthermore, it is preferable that the prepreg comprises a sheet composed of an aramid nonwoven 
fabric impregnated with a thermosetting epoxy resin. 

According to the embodiments of this invention, a non-solvent one-component conductive compound 
can be obtained by dispersing a specific conductive filler within an epoxy resin having specific characteris- 
25 tics. Furthermore, by filling via holes with this conductive compound, a double sided printed circuit board 
and a multilayer printed circuit board can be obtained which have a highly reliable via-hole-connection. 

First, the conductive filler will be explained. The conductive filler should preferably be contained in the 
conductive compound in high concentration. The reason for this is that, as mentioned above, conductive 
reliability must be maintained by raising the contact probability of the conductive fillers to each other even if 
30 the substrates are distorted due to lower resistance of connected via holes or due to thermal and 
mechanical stress. 

In order to disperse the conductive filler with high concentration, the average particle size of the 
conductive filler should be preferably from 0.2 to 20um, and should also have as small a specific surface 
are as possible. A preferred value for the specific surface is from 0.1 to 1.5 m 2 /g, and more preferably, from 

35 0.1 to 1.0 m 2 /g. The average diameter can be measured by using a microscopic method or a light 
scattering method. Noble metals such as gold, silver, and palladium, or base metals such as copper, nickel, 
tin, and lead are illustrative examples of the conductive fillers, and it is also possible to use two different 
kinds or more of these metals simultaneously. As long as the conductive filler has the characteristics 
mentioned above, it can be a spherical shape or a flaked form etc. 

40 It is especially desirable to use copper powder as the conductive filler in view of migration control, 
economic supply, and price stability. But in general, copper powder is easily oxidized, and this oxidation of 
copper powder obstructs conductivity when it is used for filling via holes in this invention. Therefore, the 
oxygen concentration of the copper powder is preferably 1 .0 weight % or less. 

Next, an epoxy resin of specific characteristics will be explained. In order to form a non-solvent one- 

45 component conductive compound, it is basically necessary to use a liquid resin as the epoxy resin. For the 
dispersion of the above-mentioned conductive filler in high concentration, viscosity of the epoxy resin must 
be 15 Pa- sec or less. If an epoxy resin with viscosity higher than this value is used, viscosity of the 
conductive compound formed into paste becomes extremely high. This causes an inconvenience in that a 
via hole filling process can not take place when the paste viscosity of the conductive compound is 2,000 

so Pa- sec or higher. In addition, a preferred lower limit in viscosity of the epoxy resin is 0.2 Pa- sec. 

On the other hand, when this compound is heat-compressed after being filled into the via holes, a 
volatile constituent in this compound should preferably be controlled to prevent the volatile constituent from 
vaporizing and causing voids within the via hole filling structure or to prevent the prepreg from separating. 
The volatile amount is preferably as small as possible, and the above-noted problems can be avoided when 

55 the amount is 2.0 weight % or less. 

Examples of suitable epoxy resins are liquid epoxy resins including two or more epoxy radicals, for 
example, bisphenol A-type epoxy resin, bisphenol F-type epoxy resin, alicyclic epoxy resin, and amine 
epoxy resin. It is also possible to use liquid epoxy resin which are processed by molecular distillation to 

5 



HNsnncin- <fp 0S51602A1 i > 



EP 0 651 602 A1 



reduce the volatile amount. 

0 9 PaHec!' A^Tn 'T TT ed ° f 9 ' yCidyl esterificated dimer «W8 has low viscosity (e.g. 0.2 to 
0.9 Pa- sec). Also, a hardened substance of this epoxy resin shows flexibility, and its relaxation effect 
agamst stress is large. Therefore, when this epoxy resin is blended within the epoxy res a 0 weight oar 
5 or more, rel,ab.lity of the via hole structure becomes higher 9 P 

of " ^ preferab,€ ; that the li ^ id *P°xy * a compound comprising at least 50 weight % or less 

of one epoxy res,n selected from the group consisting of bisphenol A and bisphenol F and further 
compnsmg 50 we,ght % or more of epoxy resin composed of glycidyl esterificated Zir acfds wim ,n 
epoxy equivalent of from 300 to 600 g/eq. As a result, reliability oHhe L Z^l^L^sjZrZ 

10 ss zxzxz. lower viscosity - the — — — snr rSz; 

ami n^! h re f d w to hardeners - an V ordinar y hardener can be used here. Generally used hardeners include 
amme-type hardeners such as dicyandiamide and carboxylic acid hydrazide, urea type hardeners such as 
3-(3 4-d l chloro P henyl)-1, 1 - dimethyl urea, acid anhydride hardeners such as pJhalic acW anhydride 
>s methynadic anhydride, phromellitic acid anhydride, hexahydro phthalic acid anhydHde and aSmaT am ine 
type (amine adduct) hardeners such as diamide dipheny.methane. diamide diplinrtauZte^S^^S 

alZ « TH "rH 3 S °" d " tyPe ^'i™ 3 ' hardener ' PartiCularl * in view ^ ^ ^SL^SSL 
nZ Z S SUbC ' iniCal h3rdener fUnCti0nS aS f0l,0ws - Rrst,several kinds of amine comoo! 

nent and epoxy resm are reacted to some degree, grained as resin particles, and reactive radicate suTas 

20 amme are shut up in a three-dimensional structure of polymer. When this is blended wTh an epoxy resin 
the parties react partially on the surface. However, the reaction stops at this point and th^ can be 
preserved at room temperature for a long time without changing the characteristics. Then the particles start 
to melt or disso.ve when heated at a temperature higher than predetermined, and the sh* up eacte 
radicals show up and start to react all at once, thereby hardening quickly P 

25 As for d.spersants, any ordinary dispersant can be used. First, generally used disoersants include 
noniomc disperses such as ethylene oxide of higher fatty acid, propylene oxide ^tS^SS 

* 3C 6Ster r mP ° Und ' 6thylene ° xide 0f polyh * dric alcoh °' ^ch as sorbite , propy^e ox"de 
addition ether compound, ethylene oxide of alkylbenzene, propylene oxide additive etc Second y anionic 
d.spersants e.g.. alky.benzene sulfonic acid alkali sa.t. higher alcohol sulfuric ester ^J^StSSS 
so compound, higher fatty acid, ethy.ene oxide of higher fatty acid, and sulfate alkali salt S propylene oxSe 
add^e can be used Th.rdly. a fourth class ammonium saft type cationic dispersant can be used 
mJl LT 6 ', d'spersart is effective in reducing viscosity of the pas te and adding fluidity to the 
metallic particles when shear ,s provided through increasing affinity between the metallic particle surface 
and an organic resm blended as binder in the paste. This function is seen in that the^^SSi^SS 

35 ETSSSS a^sSte Sh6ar " 3 SCree " Prin,in9 — - *» — - » ™ 

tha n7hl h re9ard \ * he Prepre9 ' a,most a °y substance can be used which is pressed to become thinner 
than the prepreg when hardened, e.g., glass epoxy, paper phenol, aramid epoxy etc 

According to the above-mentioned methods of this invention, it is possible to obtain a conductive paste 
40 compound for via hole filling which has .ow viscosity and low volatility Also, a doub.e Vded pSd I drcu* 
board and a multilayer printed circuit board can be formed easily which have exce.lent 5£iK?SLSS£ 
.nner-v,a-hole connections. Here, the inner-via-hole connection is a method of obtaining cSSSS^SS 
layers of the double sided and multilayer printed circuit board at any optional position C ° nneCt '° n betW6en 

.5 eJoLln^onZZZT 1 Vi6W Sh ° Win9 3 StmC,Ure ° f 3 d ° Uble Sid6d Printed boa ' d * a " 

cirit'^ 3 meth ° d ° f during a *>ub,e sided printed 

■ F !k" 3 i a) and (b) are cross-sectional views showing a method of manufacturing a multilayer orinted 
circuit board of an embodiment of this invention. munnayer printed 

50 F !^' 4 j a) and (b) are cross-sectional views showing a method of manufacturing a multilayer orinted 

circuit board of another embodiment of this invention mumiayer printed 

this Tnyention 3 ^ * 3 COnductive P artic,e used for a Panted circuit board of an embodiment of 

55 in aheatcSle Z?lf£?? ^ relati ° nShiP betWeen the Chan9e 0f via hole connection resistance value 
55 ,n a heat cycle test and the frequency of the test in an embodiment of this invention in which the via hole 
connection .s ach.eved with paste containing each epoxy resin in a printed circuit board 

in a heat cycle tlT^iT? ^ re ' a,ionship between the cha "9e of via ho.e connection resistance va.ue ■ 
in a heat cycle test and the frequency of the test in an embodiment of this invention, in which the via hole 
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connection is achieved with paste containing epoxy resin with different mixing compositions in a printed 
circuit board. 

FIG. 8 is a graph showing the relationship between the rotational frequency (shear) in an E-type 
viscometer and the viscosity of paste which includes a dispersanl in different amounts. 
5 This invention will be described by referring to the following illustrative examples and attached figures. 

In particular, the following embodiments refer to a double sided printed circuit board with use of a 
conductive paste for via hole filling, a method of manufacturing the same, and a multilayer printed circuit 
board with use thereof. 

FIG. 1 is a cross-sectional view showing a structure of a double sided printed circuit board of an 

10 embodiment of this invention. A double sided printed circuit board 104 comprises a laminated base material 
101, a copper foil 102 (In FlG. 1, a copper foil is formed into a circuit pattern), and a conductive via hole 
103 in which a conductive paste has hardened. The major advantages of this invention are that a conductive 
paste compound can easily fill due to its low viscosity and low volatility, and that the substrate has excellent 
reliability since the connection is achieved by filling with a large amount of conductive filler. As laminated 

75 base material 101, it is possible to use laminated base materials which are widely known at present. 
Examples are a glass-epoxy base material, an aramid-epoxy base material, and a paper phenol base 
material. The base material is called "prepreg" before being heated and pressurized and comprises a glass 
cloth or a nonwoven fabric as a core material which is impregnated with an uncured resin. 

As for the conductive filler, almost any kind of noble metals such as gold and silver or base metals 

20 such as copper, tin, nickel or lead can be used. In addition, not only pure metals can be used, but also 
alloyed metals or those comprising a metal or an insulating core covered with a conductive material as 
shown in FIG. 5. In FIG. 5, 501 denotes a spherical core, and 502 denotes a conductive material which 
covers the core surface and serves as the conductive filler. 

FIG. 2 (a) to (d) are views showing a method of manufacturing a double sided printed circuit board of 

25 this invention. In FIG. 2, a laminated base material 201 is a prepreg. This prepreg is disposed with through- 
holes. Usually, a drill is used for this step, but a laser beam can be used for processing specific materials. 
FIG. 2 (b) shows a state in which FIG. 2 (a) is positioned between a copper foil 202. FIG. 2 (c) shows a 
state after FIG. 2 (b) is heated and pressurized. FIG. 2 (c) shows a state in which the through-holes 
disposed in the prepreg have an increased amount of metal filling after being heated and pressurized- Due 

so to compression, the prepreg has become thinner and the resin has hardened. The conductive paste 203 
remains compressed. Conductor 103 of this state serves for an electrical connection between the upper and 
lower sides. FIG. 2 (d) shows a state after copper foil 202 on the surface is processed (e.g., etched) into 
circuit patterns. Copper foil 102 becomes a circuit conductor after being processed. After that, printed 
circuit boards which are actually used must be processed further, for example, applied with a solder resist, 

35 printed with letters and signs, or disposed with holes for insert components. 

FIGS. 3 (a) and (b) show a method of manufacturing a multilayer printed circuit board by repeatedly 
applying the above-mentioned method of manufacturing a double sided printed circuit board. FIG. 3 (a) 
shows a state in which a double" sided circuit board 104 which serves as a core is positioned between 
substrates of FIG. 2 (a) having through-holes filled with conductive paste on both side (upper and lower 

40 sides) to which are further applied copper foil 202. When heated and pressurized from the upper and lower 
sides in this state, a multilayer printed circuit board of FIG. 3 (b) is obtained which has already established 
an inner-via-hole connection. When the copper foils on the upper and lower sides are patterned, a 
multilayer printed circuit board consisting of four layers is completed. After that, by repeating these steps, a 
multilayer printed circuit board with even more layers can be attained. 

45 In the method of manufacturing the multi layer printed circuit board of FIG. 3, the double sided printed 
circuit board used for the core was the double sided printed circuit board of this invention. However, this is 
not necessarily the case here. Instead, it is clear that a conventional through-hole double sided printed 
circuit board can be applied as well. In this case, it is better to fill the through-holes in advance. Here, the 
through-hole substrate indicates a resin substrate, and not only can the through-hole substrate be used but 

so also a ceramic substrate etc. 

FIGS. 4 (a) and (b) show another method of manufacturing a multilayer printed circuit board. In FIG. 4 
(a), a prepreg 201 which is filled with conductive paste 203 and is in the state before being heated and 
pressurized is positioned between two sheets of double sided printed circuit boards 104. When heated and 
pressurized in this state, a multilayer printed circuit board consisting of four layers of FIG. 4 (b) can be 

55 obtained. Not only a four-layer circuit board, but a multilayer printed circuit board consisting of more layers 
can be obtained by providing a plurality of double sided printed circuit boards, positioning the above-noted 
laminated substrates which is filled with a conductive filler and is in a state before being heated and 
pressurized between the double sided printed circuit boards, and heating and pressurizing. 

7 

BNSDCCID: <EP 0651602A1 J_> 



EP 0 651 602 A1 



10 



15 



circuit ZaTllt^TTTX 9 ^ r' tMayer Print8d CirCUit b03rd ° f F,G - 4 ' the sided printed 

Epoxy resins used ,n the following embodiments are indicated below suDstrate etc. 

SuU^^KS^ reSi " (EP,C0AT ^ by YuKa She,. Epoxy Co., Ltd.. epoxy 

f^T:7eo F xi e 9 :7 resin {EPIC0AT 807 manufactured by Yuka she " Epoxy c °- lw - ^ 

(3) alicylic epoxy resin (ST-1000 manufactured by Tohto Kas P i Pn ih onn ■ , . „„„ 
g/eq) i^asei Go., Ltd., epoxy equivalent 200 - 220 

(4) amine-type epoxy resin (ELN-125 manufactured by Sumitomo Chemical Cn I m m 

110 - 130 g/eq) no ^nemicai Go., Ltd., epoxy equivalent 

(5) epoxy resin composed of glycidyl esterificated dimer acids (epoxy equivalent 390 - 470 n/^ tk> 



Formula 1 



20 



o o 

" /\ 

(CH 2 ) r C-0-CH 2 -CH-CH 2 

A H 0 o 

/\ ii y\ 

£ H CH- (CH 2 ) r C-0-CH 2 -CH-CH, 

CH ^CH-CH 2 -CH = CH- (CH^-CHg 
CH 

(CH 2 ) 5 -CH 3 
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Table 1 









Average 


Specific 


Paste 


Via 


Example 


Powder 


Form 


size of 


surface 


viscosity 


resistance 








particle 


area 


Pa- sec 


X10 Q cm 








fi m 


2 

m /g 






*1 


silver 


spherical 


0.2 


3.14 


2,300 


6.3 


2 


0.5 


1.35 


1.050 


1.2 


3 


1.0 


0.62 


620 


0.3 


4 


2.0 


0.30 


480 


0.3 


5 


5.0 


0.16 


320 


0.4 


6 


10.0 


0.10 


100 


0.6 


7 


flake 


20.0 


0.13 


120 


1.5 


*8 


30.0 


0.07 


40 


9.3 


9 


gold 


spherical 


2.0 


0.40 


650 


0.3 


10 


copper 


spherical 


1.0 


0.66 


870 


0.5 


11 


2.0 


0.35 


500 


0.4 


12 


3.0 


0.26 


350 


0.4 


13 


flake 


10.0 


0.20 


400 


1.5 


14 


nickel 


flake 


5.0 


0.32 


680 


2.7 



*: a comparative example 



The prepreg filled with the paste was applied with copper foil 102 of 30um thick on the upper and the 
lower sides. Then, this was formed into a double sided copper applied plate by heating and pressurising 60 
minutes at a temperature of 180' C and 50 Kg/cm 2 by heat-pressing. 

When the paste viscosity was 2,000 Pa- sec or more, the filling in via holes was difficult to conduct due 
to high viscosity. 

The double sided copper applied plate formed in this manner was formed into electrode patterns by 
using a conventional etching technique. 

Table 1 shows the resistance value of the inner-via-hole-connection conducted by using the respective 
paste. In all cases, a low resistance connection was obtained in which the resistivity value was ten times or 
less of the specific resistance value of the conductor although the paste included an insulating resin. The 
specific resistance value of each metal is silver (1.6 x 10 _6 n cm), gold (2.3 x 10 _6 n cm), and nickel (6.8 x 
10 -6 D cm). 

Example 2 

As in the first embodiment, the prepreg of a second embodiment had through-holes formed with 0.2 
mm in diameter, and these through-holes were filled with conductive paste comprising a metal particle of 
copper powder with an average particle size of 2um at 85 weight %, a resin selected from bisphenol A-type 
epoxy resin (EPICOAT 828 manufactured by Yuka Shell Epoxy Co., Ltd.), bisphenol F-type epoxy resin 
(EPICOAT 807 manufactured by Yuka Shell Epoxy Co., Ltd.), alicylic epoxy resin (ST-1000 manufactured 
by Tohto Kasei Co., Ltd.), amine-type epoxy resin (ELN-125 manufactured by Sumitomo Chemical Co., 
Ltd.), and epoxy resin composed of glycidyl esterificated dimer acids at 12 weight %, a hardener of amine, 
adduct hardener (PN-23 manufactured by Ajinomoto Co., Ltd.) at 3 weight %. They were mixed and 
kneaded in three roles. Table 2 shows the viscosity of the via hole filling paste at room temperature, the 

9 
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decrease of the paste weiqht when hpatpri tn -*nn • r- ^. - * 

cases, the vo.ati.e amountVa ^2 weight oMess and t eS ' "* ,n 3,1 

formation. 9 ° r ' eSS ' and there was no swelling found during the substrate 



Table 2 



10 



15 



20 



25 



30 



35 



40 



Example 



Resin 



bisphenol A-type 



bisphenol F-type 



alicyclic epoxy 



amine-type epoxy 



[glycidyl ester type 



Paste vis cosity Pa -sec 
"1,500 



800 
200 



60 
80 



Volatile amount WT% 



0.16 



0.15 
0.30 



0.30 



0.40 



Via resistance x10 _5 Q cm 



0.4 



0.4 



0.7 



0.6 



0.4 



the ^^^V^^^ZSZT copper *? 102 was app,ied on •» — - 

60 minutes at 180 -C and 5oS J 2!i T W ^ ^ ^ P^ng 
conventional etching technique " hea, - press,n 9- Electr °de patterns were formed by using a 

pastier; ^i^^zz^7 on T on conducted by ^ - «e 

less of the specific ^^^.JS^SJ^SSS t ^ W3S ten times » 

Furthermore, FIG. 6 shows the clino P Tth 0 f , 9 P3Ste ,nc ' Uded an insulating resin. 
55- C - ,25-c. 30 m.nui^u^TS^^ h °' e C ° nneCt, ° n resist ~'- in a heat cycle test (- 

inJ^sS: i£ z^^^s^ t?,- 10 percent * - ^ «- 

showed a rate of change at 1 % or less Due to h ■ T P3r1iCU,ar - the a 1 ^ 1 ester ^ 

against a therma, shoe, 9 and the r^S 

Example 3 

in ^^^^ had ^ugh-holes formed with 0.2 mm 

powder with an average particle sLIcf 2um ^ 85 ^T^-^^^ 
(bisphenol A-type epoxy resin bisohenol fZ f °? ' 6nded reS,n consis «n9 of Group A 

epoxy resin, or epoxy ^c^S^of^JS^Z ^ a " d G ™P 8 ^'"^ eP ° Xy ^ amine ^P« 
hardener of amine adduct hardZ^^,^^J^* mer addS) 91 12 9 ross -eight %. and'a 
Table 3 shows the viscosity of the via hoi f liln t ♦ 77 c Were m,xed and knea <^ in three roles, 
temperature. * 3 h °' e f, " ,n9 paste of 0 5 r P m an E-type viscometer at room 



45 



50 



55 
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Table 3 



5 


Example 


Resin A 




Resin B 




Paste 
viscosity 


via 
resistance 


70 










WT3o 


Pa • sec 


— S 

x iu SiiJ cm 




1 


bisphenol 


50 


alicyclic 


50 


720 


o o 
0 . o 


75 


2 


A-type 


50 


amine- type 


50 


540 


0 . o 




3 




75 


glycidyl 


ZD 


l , UdU 


u . D 




5 




50 


ester 


50 


660 


0.5 


20 


6 




25 




75 


380 


0.4 




7 


bisphenol 


75 


glycidyl 


25 


620 


0.5 


25 


9 


F-type 


50 


ester 


50 


400 


0.4 




10 




25 




75 


220 


0.4 



30 

The prepreg filled with this paste was applied with copper foil 102 on the upper and the lower sides. 
Then, this was formed into a double sided copper applied plate by heating and pressurising 60 minutes at 
180°C and 50 Kg/cm 2 by heat-pressing. Electrode patterns were formed by using a conventional etching 
technique. 

35 Table 3 shows the resistance value of the inner-via-hole-connection conducted by using the respective 
paste. In all cases, a low resistance connection was obtained in which the resistivity value was ten times or 
less of the specific resistance value of the conductor although the paste included an insulating resin. 

Furthermore, FIG. 7 shows the change of the via hole resistance value in a heat cycle test (-55 • C - 
125°C, 30 minutes each) up to 1000 cycles. 

40 The change of the via hole resistance value in each paste sample was 10 percent or less against the 
initial resistance value, so the reliability of the via hole was not ruined. In particular, the glycidyl ester mixed 
type showed a rate of change at 1 % or less at the amount content of 50 weight % or more, thereby 
maintaining the reliability of the via-hole-connection. 

45 Example 4 

As in the first embodiment, the prepreg of a fourth embodiment had through-holes formed with 0.2 mm 
in diameter, and these through-holes were filled with conductive paste comprising a metal particle of silver 
powder or copper powder with an average particle size of 2um at 75 to 92.5 weight %, a blended resin 
so consisting of bisphenol A-type epoxy resin and epoxy resin composed of glycidyl esterificated dimer acids 
in 25 to 75 weight ratio at 4.5 to 22 gross weight %, and a hardener of amine adduct hardener (MY-24) at 3 
weight %. They were mixed and kneaded in three roles. Table 4 shows the viscosity of the via hole filling 
paste room temperature. 
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Table 4 



10 



IS 



20 



Example 


? Metal 




weight 




WT* 


1 


silver 80.0 


2 


i 85.0 


*3 


copper 75.0 


4 


80.0 


5 


85.0 


6 


90.0 


7 


92.0 


*8 


92.5 



Resin 



bisphenol A (25WT%) + 
glycidyl ester (75WT%) 



bisphenol A (25WT5K) + 
glycidyl ester (75WT%) 



a comparative example 





i aSTe 

viscosity 
Pa- sec 


Via 
resistance 
X10~ 5 £2 cm 


17 


250 


0.7 


12 


480 


0.4 


22 


40 


4.8 


17 


180 


0.8 


12 | 


380 


0.4 


7 


890 


0.4 


5 


1.450 


0.3 


4.5 


2.310 


0.3 I 



25 



30 



35 



40 



45 



The prepreg filled with this paste was applied with coDDer foil m? ™ «, ' 
Then, this was formed into a double sided cooper aZJZZl k l \ 9 UPP6r and the lower sides - 
180-C and 50 Kg/cm* by heat-press^g Electrode ™ZtT ^ pressuri2i "9 60 minutes at 

technique. Press.ng. Electrode patterns were formed by using a conventional etching 

P-J^S rSJSE^^ b * ^ the respective 

less of the specific resistance Su ^S^^ h ^ ^ WaS ten **» 0r 

other hand, when the metallic amount SStTao^Sl % oniVThe via" S^" 9 ^ °" *» 
large due to the lack of the conductive metal FnrthlZ ! ' 3 hole res,stanc e value was 

Example 5 

dian^etJ" ^"2^5^^ w^IT ^ f f °™ d ^ « mm in 

powder or copper powder with an averao J S^^?" "fS com P' isin 9 a metal particle of silver 
of bisphenol A-type epoxy re^Z^^JZJ^ f * J"*** % ' 3 b ' ended resin consistin 9 
weight ratio at 12 gross weight "andTy^ dimer acids in 25 to 75 

or acid anhydride (RIKAC.D MH r^^S^^^SSS^ , ^ She " EP ° Xy C °- Ltd > 
(PN-23, MY-24 manufactured by Ajinomoto Co Ud w 3 weiaht ^ rt '' Ltd ) ° r 3mine adduct ha *ener 
roles. Table 5 shows the viscosity of the via hole fii inn nit V ^ m ' X6d and kneaded in three 

of the paste when heated to 300 • C at rate of 0 cZn ^ t6mperature and ^ volatile amount 
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Table 5 



5 








Paste 


Volatile 


Via 




Example 


Metal 


Hardener 


viscosity 


amount 


resistance 


10 








Pa* sec 


WT9S 


X10~ 5 Q cm 




1 


silver 


dicyandi amide 


520 


0.32 


0.4 


15 


2 




acid anhydride 


200 


1.50 


0.5 




3 




amine adduct (MY-24) 


620 


0.50 


0.4 


20 


4 




amine adduct (PN-23) 


600 


0.42 


0.4 


5 


copper 


d i cy and i am i de 


380 


0.35 


0.4 




6 




acid anhydride 


120 


1.56 


0.5 


25 


7 




amine adduct (MY-24) 


430 


0.50 


0.4 




8 




amine adduct (PN-23) 


450 


0.40 


0.4 



30 



The prepreg filled with this paste was applied with copper foil 102 on the upper and the lower sides. 
Then, this was formed into a double sided copper applied plate by heating and pressurizing 60 minutes at 
180°C and 50 Kg/cm 2 by heat-pressing. Electrode patterns were formed by using a conventional etching 
35 technique. 

Table 5 shows the resistance value of the inner-via-hole-connection conducted by using the respective 
paste. Regardless of the hardener type, a low resistance connection was obtained in which the resistivity 
value was ten times or less of the specific resistance value of the conductor although the paste included an 
insulating resin. 

40 

Example 6 

As in the first embodiment, the prepreg of a sixth embodiment had through-holes formed with 0.2 mm 
in diameter, and these through-holes were filled with conductive paste comprising a metal particle of copper 

45 powder with an average particle size of 2um at 85 weight %, a blended resin consisting of bisphenol A-type 
epoxy resin and epoxy resin composed of glycidyl esterificated dimer acids in 25 to 75 weight ratio at 8 to 
14.5 gross weight %, and phthalic anhydride or amine adduct type hardener (MY-24) at 0.5 to 7 weight %. 
They were mixed and kneaded and mixed in three roles. Table 6 shows the viscosity of the via hole filling 
paste at room temperature and the volatile amount of the paste when heated to 300 "C at a rate of 

so 10'C/min. 



55 
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Table 6 



10 



Sxample 



15 



20 



25 



Hardener 
acid 

anhydride 



*8 



amine 
adduct 



Amount of 
hardener 
WT% 



0.5 



3.0 



5.0 



7.0 



0.5 



3.0 



5.0 



7.0 



Paste 
viscosity 
Pa* sec 



Volatile 
amount 
WT56 



160 



120 



0.60 



120 



110 



180 



450 



850 



2,400 



30 



a comparative example 



1.56 



Via 
resistance 
X10~ 5 Q cm 



0.8 



0.5 



1.95 



2.34 



0.40 



0.40 



0.38 



0.4 



0.4 



0.4 



0.35 



0.5 



20.0 



35 



40 



Zn s r 50 K9/cm2 by hea , pressin , ^s^^^^^z^ 
p^C^«r*^^- a zvz:^t:zT on co r ted by - ~ 

value was ten times or less of the specific elSnT^L ^Z ^ which the resisii ^ 

insulating resin. However, when too much soHd oowde Zi l a>th0lJgh the paste includ <* «n 

viscosity increased, so the via hole iS^^m^^" am .' ne adduct hardener -as added, the 
of 5 weight % or more. Furthermore, ^.2^2?^ T^* 6 P3Ste added with • 
volatile amount of more than 2 weight % a doubte Jded nnL 9 ■ w ^ SUCh 33 add anhvdride ha " * 
obtained due to swelling of the suL^'^!^^^ ^ **** * qU3litv was not 

4 5 Example 7 

mm" o^tlr^ ~ « through-ho.es formed with 0, 

copper powder with an average particle LTol 2^ hT C ° ndUCt,ve P aste comprising a metal particle of 
%, a blended resin consisting of b" S p he n7ltv^ enT ^ ° Xy9en ™ ts at « 5 weight 

esterificated dimer acids in 25 to 75 wefght ratic at TZ^ T ^ ^ COm P° sed « Qlycidyl 
hardener (MY-24) at 3 weight % They we^e milrtl A 9 h -T^ % ' ^ 3 h3rdener of ^ine adduct 
of the via hole filling pasteat room temperate ^ r °' eS - Tab,e 7 show * »» viscosity 
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Table 7 



Example 


Surface oxygen 
amount WT% 


Paste viscosity Pa> sec 


Via resistance xlO 5 fJ cm 


1 


0.2 


430 


0.3 


2 


0.5 


450 


0.4 


3 


1.0 


500 


0.8 


"4 


1.2 


680 


2.5 



*: a comparative example 



The prepreg filled with this paste was applied with copper foil 102 on the upper and the lower sides. 
Then, this was formed into a double sided copper applied plate by heating and pressurizing 60 minutes at 
180°C and 50 Kg/cm 2 by heat-pressing. Electrode patterns were formed by using a conventional etching 
technique. 

Table 7 shows the resistance value of the inner-via-hole-connection conducted by using the respective 
paste. When using paste with the surface oxygen concentration of copper at 1.0 weight % or less, a low 
resistance connection was obtained in which the resistivity value was ten times or less of the specific 
resistance value of the conductor although the paste included an insulating resin. However, along with the 
increase in the surface oxygen concentration, the resistance of the inner-via-hole connection became 
higher. As soon as this amount exceeded 1.0 weight %, the resistance value increased radically. As a 
result, a low resistance connection was not obtained in which the resistivity value was ten times or less of 
the specific resistance value of the conductor. 



Example 8 

The conductive paste used here comprised a metal particle of copper powder with an average particle 
size of 2u.m at 85 weight %, a blended resin consisting of bisphenol A-type epoxy resin and eppxy resin 
composed of glycidyl esterificated dimer acids in 25 to 75 weight ratio at 12 gross weight %, and a 
hardener of amine adduct hardener (MY-24) at 3 weight % which had been kneaded and mixed in three 
roles. An aramid-epoxy prepreg comprised a prepreg disposed with through-holes of 0.2 mm in diameter 
which were filled with the above-mentioned paste. This aramid-epoxy prepreg was positioned between two 
sheets of aramidepoxy double sided substrates having patterns formed for the connection resistance 
measurement. Then, this was formed into a four-layer printed circuit board by heating and pressurizing 60 
minutes at 180 "C and 50 Kg/cm 2 - by heat-pressing. 

The inner-via-hole connection resistance formed between the second and the third layer of the four- 
layer substrate showed the same resistance value as in the first embodiment. Also, a six-layer printed 
circuit board attained the same reliability with the same connection resistance value as in the four-layer 
printed circuit board. 

Furthermore, the above-mentioned paste was used for manufacturing an aramid-epoxy double sided 
substrate with the same method as in Example 1 . One sheet of this substrate was positioned between two 
sheets of aramid-epoxy prepregs comprising prepregs having through-holes of 0.2 mm in diameter filled 
with the above-noted paste. In the method of forming a four-layer printed circuit board by heating and 
pressurizing 60 minutes at 180°C and 50 Kg/cm 2 by heat-pressing, equivalent resistance was obtained for 
the via-hole-connection. In addition, the same reliability was obtained in a six-layer printed circuit board 
manufactured by using this method. 

A ceramic substrate with circuits was used instead of the aramic-epoxy double sided substrate 
manufactured by the same method as in Example 1, and the same reliability was obtained for the via-hole- 
connection resistance. 

Example 9 

In a ninth embodiment of this invention shown in FIG. 1, the prepreg was an aramid-epoxy sheet (TA-01 
manufactured by Teijin Ltd.) of 200um in thickness. This prepreg was applied on one side with a 20um 
thick polyethylene terephthalate film by an adhesive and was disposed with through-holes of 0.2 mm in 
diameter by a drill. 
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10 



«PI^S^ - -a, partiCe of si.er, go ,d, 

epoxy resin (EP.COAT 828 ^IbyM ^^^^^Ji 1 ^^ ^ 
composed of gl y cidy , esterificated dimer ^ ^f^Z^ S^^f^T?^ 
%, a hardener of amine adduct hardener (MY-24 manufactured by Ajinomo to Co Ltd at 3 wlinht ! f 
dispersant at 0.01 to 2 0 weinht % =.r,=ir,^ ( h= ~ "jmumoio oo., Ltd.) at 3 weight %, and a 

torn, </»» m eu, p 9 L,ct h. "»,ag. sile o, The Zl*" f^l- "T ™' 8 * OWS ' te 



75 



Table 8 



25 



30 



35 



40 



45 



50 



55 



Example Powder 



*1 



*9 



10 



11 



*12 



13 



14 



15 



16 



*17 



18 



19 



20 



21 



copper spherical 



silver spherical 



gold 



Form 



Average Specif ic Dispersant 



size of 
particl< 
U m 



flake 



spherical 



22 nickel 



flake 



0.2 



0.5 



1.0 



2.0 



5.0 



10.0 



20.0 



30.0 



2.0 



1.0 



2.0 



3.0 



10.0 



flake 



5.0 



a comparative example 



surface 
irea 
»> 2 /g 



0.1 5.83 PLYSURF 



3.14 



Compounded viscosity resistance 



amount at 
weight 9s 



1.35 



0.62 



0.30 



0.16 



0.10 



0.13 



0.07 



0.40 



0.66 



0.35 



0.26 



0.20 



0.32 



0.20 



S0LGEN TK 



CATIOGEN 



0.01 



0.20 



0.50 



1.50 



2.00 



0.20 



PLYSURF 



0.20 



0.20 



Paste 



Pa* sec 



2,350 



1,620 



850 



480 



390 



270 



80 



90 



30 



470 



820 



500 



470 



420 



410 



Via 



380 



350 



450 



460 



300 



370 



610 



X10 °C2cm 



4.7 



1.2 



0.4 



0.3 



0.3 



0.6 



1.3 



10.3 



0.3 



0.5 



0.4 



0.4 



0.4 



0.5 



0.8 



2.3 



0.4 



0.4 



0.4 



1.5 



2.0 



0.4 
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The prepreg filled with the paste was applied with copper foil 102 of 35um thick on the upper and the 
lower sides. Then, this was formed into a double sided copper applied plate by heating and pressurizing 60 
minutes at 180* C and 50 Kg/cm 2 by heat-pressing. 

When the paste viscosity was 2,000 Pa- sec or more, which is beyond the limits of claims o( this 
5 invention, the filling into via holes was difficult to conduct due to high viscosity. 

The double sided copper applied plate formed in this manner was formed into electrode patterns by 
using a conventional etching technique. 

Table 8 shows the resistance value of the inner-via-hole-connection conducted by using the respective 
paste. In all cases, a low resistance connection was obtained in which the resistivity value was ten times or 
70 less of the specific resistance value of the conductor although the paste included an insulating resin. The 
specific resistance value of each metal used in this embodiment is silver (1.6 x 10 _6 Q cm), gold (2.3 x 
10 _6 0 cm), copper (1.7 x 10 _6 0 cm), and nickel (6.8 x 10 -6 0 cm). 

Furthermore, the change of the paste viscosity is shown in FIG. 8 in which shear is provided to the 
paste by changing the frequency with an E-type viscometer. It is desirable as filling paste that the viscosity 
75 decreases under high shear in a printing process rather than under the condition of no shear. The examples 
without dispersant added increased the viscosity when provided with shear, so it was difficult to fill the 
paste. On the other hand, the examples with dispersant added made a small increase in the viscosity under 
high shear, and for those added more than 0.5 weight part decreased the viscosity under high shear. 
Accordingly, the filling became easier to conduct. However, the examples with dispersant added 2.0 weight 
20 % or more had the connection of the metal particles disturbed, so the via connection resistance increased. 

Example 10 

As in the ninth embodiment, the prepreg of a tenth embodiment had through-holes formed with 0.2 mm 
25 in diameter, and these through-holes were filled with conductive paste comprising a metal particle of copper 
powder with an average size of 2um at 85 weight %. a resin selected from bisphenol A-type epoxy resin, 
bisphenol F-type epoxy resin (EPICOAT 807 manufactured by Yuka Shell Epoxy Co., Ltd.), alicylic epoxy 
resin (ST-1000 manufactured by Tohto Kasei Co., Ltd.), amine type epoxy resin (ELN-125 manufactured by 
Sumitomo Chemical Co., Ltd.), and an epoxy resin composed of glycidyl esterificated dimer acids at 12 
30 weight %, a hardener of amine adduct hardener (PN-23 manufactured by Ajinomoto Co., Ltd.) at 3 weight 
%, and a dispersant of phosphate ("PLYSURF" manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.) 
contained at 0.2 weight % against the gross amount of the metal, the resin, and the hardener. They were 
mixed and kneaded in three roles. Table 9 shows the viscosity of the via hole filling paste at room 
temperature and the decrease or the volatile amount of the paste when heated to 300 'C at a rate of 
35 10-C/min. In all cases, the volatile amount of the paste was 2 weight % or less, and there was no swelling 
found during the substrate manufacturing process. 

Table 9 



Example 


Resin 


Paste viscosity Pa* sec 


Volatile amount WT% 


Via resistance x10 5 a cm 


1 


bisphenol A-type 


1,350 


0.16 


0.4 


2 


bisphenol F-type 


720 


0.15 


0.4 


3 


alicyclic epoxy 


180 


0.30 


0.8 


4 


amine-type epoxy 


50 


0.30 


0.6 


5 


glycidyl ester type 


60 


0.40 


0.6 



The prepreg having holes was filled with the paste and applied with copper foil 102 on the upper and 
the lower sides. Then, this was formed into a double sided copper applied plate by heating and pressurizing 
60 minutes at 180°C and 50 Kg/cm 2 by heat-pressing. Electrode patterns were formed by using a 
conventional etching technique. 

Table 9 shows the resistance value of the inner-via-hole-connection conducted by using the respective 
paste. In all cases, a low resistance connection was obtained in which the resistivity value was ten times or 
less of the specific resistance value of the conductor although the paste included an insulating resin. 
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Example 11 



10 



As in the eighth embodiment, the prepreg of an eleventh embodiment had through-holes formed with 
0 2 mm , n diameter, and these through-holes were filled with conductive paste comprSnc a ^metaToartTc e 

ASsZn^T " aVera9e PartiClS 3126 ° f 2Um 3t 85 ^ % ' a SencJ ^resi^sisCof Cup 
A (b lS pheno. A-type epoxy resm. bispheno. F-type epoxy resin) and Group B (alicylic epoxy esl amZ 
type epoxy resin, epoxy resin composed of glycidy. esterificated dimer acids) a 2 gross we ah Ta 
hardener of amine adduct hardener (MY-24) at 3 weight %, and a dispersant of phosphate ( PLYSURF 

r^^^tS^^ C ° ■ ) " 0 2 W6i9ht % a9ai " St thS 9- amo a unt iuZ^Z, 
tne resin, and the hardener. They were mixed and kneaded in three roles An a „miH „„„ 

comprised a prepreg disposed with through-holes of 0.2 mm in diameter SSi were f ^ wTtLTbov^ 
rr.ent.oned paste. Table 10 shows the viscosity of the via hole filling paste To 5 rom n 1 ? t 
v.scometer at room temperature. 9 P 0.5 rpm in an E-type 



Table 10 



20 



25 



30 



35 



40 



45 



50 



Example 


Resin A 


WT* 


Resin B 


WT% 


Paste 
viscosity 
Pa* sec 


Via 
resistance 
X10~ 5 Q cm 


1 


bispheno 1 
A-type 


50 


alicyclic 


50 


650 


0.8 


2 


50 


amine-type 


50 


460 


0.5 


3 


75 


glycidyl 
ester 


25 


870 


0.5 


5 


50 


50 


600 


0.6 


6 


25 


75 


340 


0.5 


7 


bispheno 1 
F-type 


"75 


glycidyl 
ester 


25 


570 


0.5 


9 


50 


50 


380 


0.4 


10 




25 




75 


200 


0.5 



ThJ ,k i With thiS PaSte W3S app,ied with c °PP er foil 102 on the upper and the lower sides 

Iso-'c J LT 2 K t0 |f d ° Ub,e Sid6d C0PP6r apP ' ied P,ate b V hea ^9 and pressuring 6uTn U es ^ 
technique **** * Electrade P**"™ were formed by using a convention^, ^ etching 

J a A e . 10 Sh ° WS reSistance value of tne inner-via-hole-connection conducted by using the respective 
paste. A low resistance connection was obtained in which the resistivity value was ten t^mes or iSs of he 
specfic resistance value of the conductor although the paste included an insula^ng Msin 

Example 12 



As in the eighth embodiment, the prepreg of a twelfth embodiment had through-holes formed with OP 
mm ,„ dimeter, and these through-holes were filled with conductive paste comprLg a ™lT P an L * 
silver powder or copper powder with an average partide size of 2um at 75 to 92.5 w^ghTt amended 
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resin consisting of bisphenol A-type epoxy resin and epoxy resin composed of glycidyl esterificated dimer 
acids in 25 to 75 weight ratio at 4.5 to 22 gross weight %, a hardener of amine adduct hardener (MY-24) at 
3 weight %, and a dispersant containing phosphate ("PLYSURF" manufactured by Dai-ichi Kogyo Seiyaku 
Co., Ltd.) al 0.2 weight % against the gross amount or the metal, the resin, and the hardener. They were 
5 mixed and kneaded in three roles. Table 11 shows the viscosity of the via hole filling paste at room 
temperature. 



Table 11 

10 



Example 


Metal 
weight 

WTSfe 


Resin 

WT% 


Paste 
viscosity 
Pa 1 sec 


Via 
resistance 
xl0 _5 Q cm 


1 


silver 80.0 


bisphenol A (25WT%) + 
glycidyl ester (75WT%) 


17 


250 


0.7 


2 


85.0 


12 


480 


0.4 


*3 


copper 75.0 


bisphenol A (25WT35) + 
glycidyl ester (75WT90 


22 


40 


5.0 


4 


80.0 


17 


180 


0.7 


5 


85.0 


12 


380 


0.4 


6 


90.0 


7 


890 


0.4 


7 


92.0 


5 


1,450 


0.3 


8 


92.5 


4.5 


1,880 


0.4 


*9 


93.0 


4 


2.680 





*: a comparative example 



The prepreg filled with this paste was applied with copper foil 102 on the upper and the lower sides. 
Then, this was formed into a double sided copper applied plate by heating and pressurizing 60 minutes at 
35 180"C and 50 Kg/cm 2 by heat-pressing. Electrode patterns were formed by using a conventional etching 
technique. 

Table 1 1 shows the resistance value of the inner-via-hole-connection conducted by using the respective 
paste. A low resistance connection was obtained in which the resistivity value was ten times or less of the 
specific resistance value of the conductor although the paste included an insulating resin. However, in the 
40 compositions beyond the limits of claims of this invention, when the metallic amount content was 80 weight 
% or less, the via hole resistance value was large due to the lack of the conductive metal. Furthermore, 
when the metallic amount content was 92 weight % or more, the via hole filling was difficult to conduct due 
to high paste viscosity. 

45 Example 13 

As in the eighth embodiment, the prepreg of a thirteenth embodiment had through-holes formed with 
0.2 mm in diameter, and these through-holes were filled with conductive paste comprising a metal particle 
of silver powder or copper powder with an average particle size of 2um at 85 weight %, a blended resin 

50 consisting of bisphenol A-type epoxy resin and epoxy resin composed of glycidyl esterificated dimer acids 
in 25 to 75 weight ratio at 12 gross weight %, a hardener of dicyandiamide (DICY7 manufactured by Yuka 
Shell Epoxy Co., Ltd.) or acid anhydride (RIKACID MH manufactured by New Japan Chemical Co., Ltd.) or 
amine adduct hardener (PN-23, MY-24 manufactured by Ajinomoto Co., Ltd.) at 3 weight %, and a 
dispersant containing phosphate ("PLYSURF" manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.) at 0.2 

55 weight % against the gross amount of the metal, the resin, and the hardener. They were mixed and 
kneaded in three roles. Table 12 shows the viscosity of the via hole filling paste at room temperature 
(25 *C) and the volatile amount of the paste when heated to 300 'C at a rate of 10 •C/min. 
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Table 12 



70 



75 



20 



25 



30 









Paste 


Volatile 


5 Via 


Sxample 


i Metal 


Hardener 


tflscositj 


r amount 


resistance 








Pa- sec 


WT% 


X10 _5 Q cm 


1 


silver 


dicyandi amide 


470 


0.32 


0.4 


2 


acid anhydride 


180 


1.50 


0.4 


3 


amine adduct (MY- 24) 


540 


0.50 


0.4 


4 


amine adduct (PN-23) 


520 


0.42 


0.4 


5 


copper 


dicyandi amide 


320 


0.35 


0.4 


6 


acid anhydride 


100 


1.56 


0.5 


7 




amine adduct (MY-24) 


380 


0.50 


0.4 


8 




amine adduct (PN-23) 


380 


0.40 


0.4 



35 



40 



Example 14 



45 



50 



cons sting of bisphenol A-tvDe pnn™ room q weight %, a blended resin 

in 25 to 75 weiaht rat o aT ft to if/ P . V r6S ' n com P osed of Slycidyl esterificated dimer acids 

hardener (MY 24) It 0 5 to weiaht V'and Th' 9 * % ' ! ° f 3nhydride 0r amine add -t 
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Table 13 



5 






Amount of 


Paste 


Volatile 


Via 




ExaniplG 


Hardener 


hardener 


viscosity 


amount 


resistance 


10 






WT& 


Pa 1 sec 


WT% 


X10~ 5 Q cm 




1 


acid 


0.5 


140 


0.60 


0.9 


J5 


2 


anhvdride 


3.0 


100 


1.58 


0.5 


3 




5.0 


110 


1.95 


0.4 




*4 




7.0 


110 


2.34 




20 


5 


amine 


0.5 


170 


0.40 


0.5 




6 


adduct 


3.0 


410 


0.40 


0.5 


25 


7 




5.0 


720 


0.38 


0.5 




*8 




7.0 


2,100. 


0.35 


15.0 



*: a comparative example 

30 



The prepreg filled with this paste was applied with copper foil 102 on the upper and the lower sides. 
Then, this was formed into a double sided copper applied plate by heating and pressurizing 60 minutes at 
180*C and 50 Kg/cm 2 by heat-pressing. Electrode patterns were formed by using a conventional etching 
35 technique. 

Table 13 shows the resistance value of the inner-via-hole-connection conducted by using the respective 
paste. Regardless of the weight ratio of the hardener, a low resistance connection was obtained in which the 
resistivity value was ten times or less of the specific resistance value of the conductor although the paste 
included an insulating resin. However, when too much solid powder such as an amine adduct hardener was 
40 added, the viscosity increased, so the via hole filling was difficult to conduct by using the paste added with 
a hardener of 5 weight % or more. Furthermore, when a hardener with high volatility such as acid anhydride 
had a volatile amount of more than 2 weight %, a double sided copper applied plate of satisfactory quality 
was not obtained due to swelling of the substrate and the electrode. 

45 Example 15 

As in the eighth embodiment, the prepreg of a fifteenth embodiment had through-holes formed with 0.2 
mm in diameter, and these through-holes were filled with conductive paste comprising a metal particle of 
copper powder with an average particle size of 2um having different surface oxygen amounts at 85 weight 

so %, a blended resin consisting of bisphenol A-type epoxy resin and epoxy resin composed of glycidyl 
esterificated dimer acids in 25 to 75 weight ratio at 12 gross weight %, a hardener of amine adduct 
hardener (MY-24) at 3 weight %, and a dispersant containing phosphate ("PLYSURF" manufactured by Dai- 
ichi Kogyo Seiyaku Co., Ltd.) at 0.2 weight % against the gross amount of the metal, the resin, and the 
hardener. They were mixed and kneaded in three roles. Table 14 shows the viscosity of the via hole filling 

55 paste at room temperature. 
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Table 14 



25 



Example 


Surface oxygen 
amount WT% 


Paste viscosity Pa • sec 


Via resistance x10 _5 Q cm 


1 


0.2 


400 


0.3 


2 


0.5 


410 


0.3 


3 


1.0 


430 


0.5 


"4 


1.2 


580 


2.5 



The prepreg filled with this paste was applied with coDnpr fnii mo ™ .k« , . 

Example 16 
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of 2 Sm nd a U t C 85 e sZ^Tel IZZ^Tf ^ ^ ^ m *» 

composed of ^^^JJ^S ^ ^ ^ 

amine adduct hardener (MY-24) at 3 weiaht "/ and * J *' 9ht rat, ° at 1 2 Qross we.ght %, a hardener of 

heat-pressing V eatl " 9 ^ P ressuriz,n 9 6 » minutes at 180 -C and 50 Kg/cm* by 

ssr the same * - - - ^ssr^: ssi^c: 

a " — id -^V do uble sided 

sheets of aramid-epoxy prepreas comnS 1 ^ SUbStrat6 W3S P^ned between two 

with the rtKM^tSTLST^^Z^ f P f ePre9S r 9 throu 9 h - ho,es <* 0 2 <™ in diameter filled 
pressurizing 60 ^^^-TSSIL^^ 1 f ° Ur "' ayer ^ drCUit b ° ard ^ heatin 9 a " d 
the via-hole-connection fn addition the s^Tr^," ^'T 9 ' eqUiVa ' ent resistanCe was obtained 
manufactured by 2ng this « ^ ° btained ,n 3 Si *- |ayer P" nted ci ™» board 

m-nC^Vi^ ° f a ^ ic -^V double sided substrate 

connection resistance P * 8 ' ^ the S3me reliabi,ity was obtained «" »e via-hole- 

and S^s^ s f d r;r d t,'* board - a mu,ti,ayer printed circuit b0ar * 

sided printed circuit boaS wit T h . k ^ h °' e ""^ PaSte ° f this invention - a d °^ 

~,u«^ 
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Claims 

I. A conductive paste compound used for filling via holes comprising (a) a conductive filler in an amount 
of 80 to 92 weight percenl having an average particle size of 0.5 to 20um and a specific surface area of 

5 0.1 to 1.5 m 2 /g, (b) a liquid epoxy resin in an amount of 4.5 to 20 weight percenl containing two or 

more epoxy groups and having a room temperature viscosity of 15 Pa* sec or less, and (c) a hardener 
in an amount of 0.5 to 5 weight percent, wherein the conductive paste compound has a viscosity of 
2,000 Pa- sec or less and an amount of volatile component is 2.0 weight percent or less. 

10 2. The conductive paste compound used for filling via holes as in claim 1, further comprising a dispersant 
in an amount of 0.01 to 1.5 weight percent against 100 weight parts of said components (a) to (c). 

3. The compound as in claim 1 or 2, wherein said conductive filler comprises at least one fine grain 
selected from the group consisting of gold, silver, palladium, copper, nickel, tin, and lead. 

J5 

4. The compound as in claims 1, 2 or 3, wherein said conductive filler comprises copper with a surface 
oxygen concentration of 1 .0 weight percent or less. 

5. The compound as in any one of claims 1 to 4, wherein said epoxy resin comprises at least one liquid 
20 epoxy resin selected from the group consisting of bisphenol A epoxy resin, bisphenol F epoxy resin, 

alicylic epoxy resin, amine epoxy resin, and glycidyl esterificated epoxy resin. 

6. The compound as in any one of claims 1 to 5, wherein said liquid epoxy resin contains 10 weight 
percent or more of an epoxy resin which comprises glycidyl esterificated dimer acids. 

25 

7. The compound as in any one. of claims 1 to 6, wherein said liquid epoxy resin is a compound 
comprising at least 50 weight percent or less of one epoxy resin selected from the group consisting of 
bisphenol A and bisphenol F, and further comprising 50 weight percent or more of epoxy resin 
composed of glycidyl esterificated dimer acids with an epoxy equivalent of from 300 to 600 g/eq. 

30 

8. The compound as in any one of claims 1 to 7, wherein said hardener is at least one hardener selected 
from the group consisting of amine hardeners, urea hardeners, acid anhydride hardeners, and aromatic 
amine hardeners. 

35 9. The compound as in any one of claims 1 to 8, wherein said hardener comprises a subclinical hardener. 

10. The compound as in any one of claims 2 to 9, wherein said dispersant comprises at least one 
dispersant selected from the group consisting of nonionic dispersants, anionic dispersants, and a fourth 
class ammonium salt type cationic dispersant. 

40 

II. A double sided printed circuit board comprising an insulating base material disposed with inner via 
holes which are filled with a conductive resin compound comprising a conductive filler in an amount of 
80 to 92 weight percent having an average particle size of 0.5 to 20um and a specific surface area of 
0.1 to 1.5 m z /g, and further comprising an epoxy resin having an epoxy ring-opening in an amount of 

45 4.5 to 20 weight percent, wherein upper and lower electrode layers present on the surface of said 
insulating base material are electrically connected. 

12. The double sided printed circuit board as in claim 11, wherein said insulating base material comprises 
a composite material of an aramid fiber and a thermosetting resin. 

50 

13. The double sided printed circuit board as in claim 11, wherein said insulating base material comprises 
a composite material of an aramid nonwoven fabric and an epoxy resin. 

14. A multilayer printed circuit board comprising a plurality of insulating base material layers and two or 
55 more electrode layers, wherein each insulating base material is disposed with inner via holes filled with 

a conductive resin compound comprising a conductive filler in an amount of 80 to 92 weight percent 
having an average particle size of 0.5 to 20u.m and a specific surface area of 0.1 to 1.5 m 2 /g, and 
further comprising an epoxy resin having an epoxy ring-opening in an amount of 4.5 to 20 weight 
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15 
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percent, wherein each electrode layer is electrically connected, 
surface a,., of 0.1 to iVn&Tfc a ZuM ^ W " ^ " 2 " °' 05 10 20 " m ■ 

* . o, ^ P — - ^^js^i^^s: ~ 

pras S P So" i l P,eP,e9 betae0 " ^ ** °" " "«~ «« *»"» "Var ,„rf p„,v,<,,„ g teat and 
forming circuits by etching the copper foils. 

alrcyla apox, ..sin. anrfna apox? r.Sn, anrf* X aSaSa^ ^ S. SP " n< " ' WW 
25. The method as in any one of claims 17 to 24 wherein «,m i^.mh „ 

amine hardeners. "arueners, acid anhydride hardeners, and aromatic 

27. A method of manufacturing a multilayer printed circuit board comprising the steos of 

mna Z 3 P T r r 9 f ° r manufact -"9 ^ Prinw circuit boa" 9 , th v iTo.e ' 

amo^/so *** <^a -ductive HHer in an 

surface area of 0.1 to T 5 m , ° a ?„" V ■ ^ ° f 05 t0 20 " m a " d » specific 

to 1.5 m /g, (b) a l.qu.d epoxy res.n ,n an amount of 4.5 to 20 weight percent 
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containing two or more epoxy groups and having a room temperature viscosity of 15 Pa- sec or less, 
and (c) a hardener at 0.5 to 5 weight percent, wherein the conductive paste compound has a viscosity 
of 2,000 Pa- sec or less and an amount of volatile component of 2.0 weight percent or less; 

positioning said prepreg above and below a double sided printed circuit board; 
5 placing said prepregs between copper foils on the lop layers, providing heat and pressurization, 

and etching the copper foils; or 

providing heat and pressurization and forming circuits. 

28. The method of manufacturing a multilayer printed circuit board as in claim 27, wherein said prepreg 
10 comprises a composite material of an aramid fiber and a thermosetting resin. 

29. The method of manufacturing a multilayer printed circuit board as in claim 27, wherein said prepreg 
comprises a sheet composed of an aramid nonwoven fabric impregnated with a thermosetting epoxy 
resin. 

15 

30. The method as in claim 27, 28 or 29, further comprising a dispersant in an amount of 0.01 to 1 .5 weight 
percent against 100 weight parts of said components (a) to (c). 

31. The method as in any one of claims 27 to 30, wherein said conductive filler comprises at least one fine 
20 grain selected from the group consisting of gold, silver, palladium, copper, nickel, tin, and lead. 

32. The method as in any one of claims 27 to 31 , wherein said conductive filler comprises copper with a 
surface oxygen concentration of 1 .0 weight percent or less. 

25 33. The method as in any one of claims 27 to 32, wherein said epoxy resin comprises at least one liquid 
epoxy resin selected from the group consisting of bisphenol A epoxy resin, bisphenol F epoxy resin, 
alicylic epoxy resin, amine epoxy resin, and glycidyl esterificated epoxy resin. 

34. The method as in any one of claims 27 to 33, wherein said liquid epoxy resin contains 10 weight 
30 percent or more of an epoxy resin which is composed of glycidyl esterificated dimer acids. 

35. The method as in any one of claims 27 to 34, wherein said liquid epoxy resin is a compound 
comprising at least 50 weight percent or less of one epoxy resin selected from the group consisting of 
bisphenol A and bisphenol F, and further comprising 50 weight percent or more of epoxy resin 

35 composed of glycidyl esterificated dimer acids with an epoxy equivalent of from 300 to 600 (g/eq). 
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FIG.3 (b) 
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• bisphenol A-type(50) :amine-type (50) 

bisphenol A-type (50) ralicylic type (50) 
° bisphenol A-type (75) :glycidyl ester type(25) 
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